Over the past decade, the importance of the beekeeping activities has been emphasized in the field of biodiversity, ecosystems, agriculture and human health. Thus, efficient management and deciding correct beekeeping activities seems essential to maintain and improve productivity and efficiency. Due to this importance, considering the economic contributions to the rural area, the need for suitability analysis concept has been revealed. At this point, Multi Criteria Decision Analysis (MCDA) and Geographical Information Systems (GIS) integration provides efficient solutions to the complex structure of decision-making process for beekeeping activities.
INTRODUCTION
Turkey has considerable potential in beekeeping with her rich flora, proper ecological conditions and existence of colony. According to the 2015 beekeeping statistics, Turkey has a rapidly increasing honey production with 107.665 tons and 7.709.636 waxes count. However Turkish beekeeping sector has not utilized the rich natural resources sufficiently. Thus, management and monitoring beekeeping activities are being more important to provide efficient and sustainable productivity. Furthermore, determining suitable locations for beekeeping should be evaluated in the field of land use planning considering economical, ecological, environmental and social aspects. Because honeybees are the key pollinator of 33% of crop species, there is a high amount of invisible economic income that involved in agricultural activities (Oldroyd and Nanork, 2009; Maris et al., 2008) .
Land Suitability Analysis (LSA) can be assessed on the basis of physical environmental, social and economic data (FAO, 1976; Jafari and Zaredar, 2010; Zhang et al., 2015) . Land use should be planned to meet human needs and ensure the sustainability of ecosystems (Amiri and Shariff, 2012) and optimum use of the resources for sustainable land management by identifying the most appropriate future land planning according to the requirements and preferences (Ahamed et al., 2000; Collins et al., 2001; Malczewski, 2004; Zolekar and Bhagat, 2015) .
Multi Criteria Decision Analysis (MCDA) techniques are widely used for LSA. MCDA of land suitability involves multiple criteria like elevation, slope, atmospheric conditions and land use, etc as well as environmental and socio-economic approaches to find best solutions within multiple alternatives (Wang et al., 1990; Joerin et al., 2001; Yu et al., 2011; Zolekar and Bhagat, 2015) . One of the most applied MCDA approaches is the Analytical Hierarchy Process (AHP) which calculates the weights of criteria among the factors that affect the total suitability (Saaty, 1977 (Saaty, , 1980 (Saaty, , 1994 (Saaty, , 2001 Saaty and Vargas, 1991) . AHP refers to the applications which are used to determine the most suitable solutions to the real problems by providing a selection of different data clusters (Arentze and Timmermans, 2000) and calculates the weights associated with criteria via pairwise preference matrix where all criteria are compared against each other (Chen et al., 2010) . The calculated weights represent the importance of criteria relatively which will contribute to the generation of suitability map.
In this study, weighting were calculated for each criterion in order to generate a suitability map for beekeeping in Konya. The AHP method was used to calculate weighting and ArcGIS software was used to generate a suitability map. The weights and importance of each criterion was specified by bee experts and specialists.
MATERIAL METHOD

Study Area
Konya is one of the main centers of grain farming with its plain and large agricultural lands (Figure 1) 
Criteria Selection
The criteria selection reflects the requirements, expectations and restrictions of beekeeping activities. Beekeeping has some assumptions and expectations when locating waxes in the field of topographic, environmental, meteorological and economical perspective. Advanced beekeeping activities require being in ideal interval for each criterion.
Aspect: Aspect criterion is included to be able to determine the direction effect. Considering wax locations and directions, beekeepers prefer South, South-East and South-West directions when locating waxes to benefit from the daylight. These directions are also important to protect waxes from north winds.
Elevation: Elevation criterion related to flora and defines seasonal start of the beekeeping activities. For study area, honey production yield and efficiency is decreasing above 2000 meter due to the meteorological conditions and winds.
Flora: Flora of the study area defines the honey production quality and quantity addition to honey type. Thus, the most important criterion should be flora and weighted higher values than others. Forests and natural plant areas are preferred to benefit from plant diversity to provide organic honey production. Urban settlements and industrial areas are not included to avoid disadvantages and effects of urbanization on honey production. Although agricultural lands have an important role on honey production, pesticide using is one of the main risks for bees. Thus, agricultural lands are weighted as non-important.
Distance to Roads and Settlements: Beekeepers prefer to locate waxes outside of urban places and roads to decrease greenhouse gases, air and noise pollution, exhaust emissions, urban and industrial contaminants and human related factors. Thus, distance from settlements and distance from highways criteria are included in suitability analysis.
Distance to Waters: Water resources are important for bees to provide enough water that will be used for cooling the waxes and honey production. The city has average 1020 elevation above sea level and has water resources with 2127 square meters.
Slope: Similar to elevation, slope criterion has a close relationship with flora due to rapidly changing topography, meteorological conditions and directions.
Precipitation: Precipitation has a close relationship with flora and defines the characteristic features of study area. Precipitation expected to be between 1275mm and 1800mm annual rainfall (Maris et al., 2008) and related with elevation, flora and its flowering season.
Analytical Hierarchy Process (AHP)
The procedure outlined by Saaty (1977 Saaty ( , 1980 scales the importance of each criterion, from 1 to 9 relatively (Table 1) . The pairwise matrix includes the scales and determines the importance of criteria ( 
Each column of the normalized matrix sum is equal to 1. Then, each row sum of the normalized matrix is divided by the matrix order. The average of the sum represents the weights of each criterion in pairwise comparison matrix (Formula 2).
The consistency of the pairwise comparison matrix must be calculated to decide the criteria, comparisons are consistent or not. The assigned preference values are synthesized to determine a ranking of the relevant factors in terms of a numerical value which is equivalent to the weights of each parameter. Therefore, the eigenvalues and eigenvectors of the square pairwise comparison matrix, revealing important details about patterns in the data matrix are calculated (Saaty and Vargas 1991) .Consistency Index (CI) is one of the methods to define the consistency coefficient of the pairwise comparison matrix. CI is calculated with Formula 3 (Saaty, 1994).
Calculating consistency index depends on the λmax (eigen value) value with Formula 4 (Saaty, 1994).
In addition to this, the Random Index (RI) value must be calculated to determine the consistency index.
After calculating the CI and RI, consistency ratio (CR) can be calculated with Formula 5. If CR exceeds 0.1, based on expert knowledge and experience, Saaty & Vargas (1991) recommends a revision of the pairwise comparison matrix with different values (Saaty, 1980) .
APPLICATION
Each criterion is mapped and then reclassified with the ArcGIS software according to the defined classes which are illustrated in Figure 2 . The layers and the classes are associated with the weights to generate the suitability map. In each figure, the suitability value is illustrated from highly suitable (green) to none suitable (red) relatively.
Figure 2. Criteria maps
Generating suitability maps require calculating the weights of each criterion to determine the importance of criteria to each other. AHP pairwise matrix is used to calculate the weights of criteria by using ranking values from 1-to 9 (Table 1 ).
In the first stage, criteria weights are calculated with a pairwise matrix via AHP by specifying the importance of each criterion to another. The sum of the weights must be equal to 1. Due to the high importance of flora and distance to water resources criteria, the weights are calculated as 44% and 15% with a 0.081 consistency ratio value which means the weights are consistent. The calculated weights (Table 3) and pairwise comparison matrix is given in Table 2 . Table 3 . AHP weights
RESULTS
The results indicate that 48% of the study area is assigned as suitable and 52% of the study area is not suitable according to the AHP calculation. As can be seen in Table 3 , flora criterion have 44%, distance to waters 14.60% and aspect have 10% weights in total weight ranking. It is possible to say that approximately 70% of suitability is defined by these classes. Because distance from settlements and distance from roads criteria doesn't have an effect on beekeeping suitability directly, these classes have 3% and 4% weights in total weight ranking. The total beekeeping suitability map is given in Figure 3 . The effectiveness and reliability of the determined suitabilities can be verified in several ways such as considering existing beekeeping locations, evaluating with experts and testing suitable locations over the next year. The most reliable and rapid results can be obtained through a correlation analysis of the existing beekeeping statistics and determined suitability values. Thus, Turkish Statistical Institute 2015 apiculture statistics are used to calculate correlation. According to the statistics, total honey production, total waxes and total beekeepers counts are available at district level and Bozkır, Hadim, Seydişehir, Beyşehir and Meram districts have highest honey production rate which are also overlapped with the suitability maps. The statistic thematic maps are given in Figure  4 . Figure 6 . 
DISCUSSION
Although modeling bee behaviors is a very difficult process, the suitability determination and validations increase the reliability and applicability of suitability analysis via MCDA methods. The main stage of the suitability analysis is criteria selection according to the beekeeping requirements. It must be pointed out that beekeeping expert decisions have the largest contribution to suitability projects. Additional criteria such as meteorological conditions, wind directions, flowering, foraging area, electromagnetic fields and pesticide usage in agricultural lands can be involved in suitability to increase the accuracy. However, these criteria are unstable and difficult to monitor and update. Thus, the reliability of criteria is decreasing due to the lack of monitoring and registration systems which will guide to beekeepers for advanced beekeeping activities. Addition to this, because flowering and foraging area are time-depended criteria, mapping and illustrating these criteria have some difficulties due to the climatic, meteorological and topographic situations of beekeeping locations. Nevertheless, the results and validation of the suitability are quite satisfactory considering the intersection of existing locations with suitability maps and correlation analysis with beekeeping statistics.
